SUMMARY Examination of the retinal tissues obtained at necropsy from a 14-year-old boy with Kearns-Sayre syndrome showed marked photoreceptor and pigment epithelial cell loss in the retinal periphery and around the optic nerve head. Electron microscopy of surviving retinal pigment epithelial (RPE) cells indicated a loss of apical microvilli and basal infoldings. The RPE was unusually devoid of melanosomes and showed no evidence of phagocytosis of photoreceptor debris. The cytoplasm of the RPE contained numerous, often enlarged, mitochondria. These structural changes suggested that a breakdown in the energy dependent interrelationships between the RPE and the photoreceptor layer was responsible for the outer retinal degeneration. The finding of numerous macrophages in the subretinal space suggests a secondary inflammatory component in the retinal degeneration.
This paper presents the histopathological and ultrastructural findings in the well preserved retinal tissues of a 14-year-old boy suffering from Kearns disease of infantile onset or Kearns-Sayre syndrome. Two years prior to death the boy was night blind and had an obvious pigmentary retinopathy. The basic abnormality in this rare systemic disorder is thought to be a disturbance in mitochondrial morphology and function that is assumed to cause a breakdown in photoreceptor maintenance and phagocytosis. Previous morphological records of the disease in the retina are confined to six studies with the use of light microscopy'-6 and two investigations by electron microscopy.7-8 The discrepancies present in the previous morphological descriptions suggest that the syndrome is more complex than first thought. A detailed morphological study was therefore justified, and our findings are discussed in relation to the previously reported material.
Case report
A boy, the fourth child of healthy, non-consanguineous Scottish parents, was born at term after an uneventful pregnancy, birth weight 3 kg, length 52 cm, head circumference 35 cm. There were no neonatal problems, but during the first year failure to thrive and psychomotor delay were noted.
Correspondence to Professor W R Lane, Department of Ophthalmology, Western Infirmary, Glasgow GI 6NT. 63 At 13 months the child was admitted to hospital with pallor and gingival bleeding. Peripheral blood examination showed pancytopenia (Hb 5-34 g/dl, leucocytes 3-4x 109/l, 5% polymorphs, platelet count 23x109/l). Bone marrow aspirate showed marked hypoplasia of all cell lines. The patient was transfused with red cell concentrate and made a good recovery. The hypoplasia was regarded as transitory, and no further haematological abnormality was noted at follow-up.
He walked at 3 years, spoke sentences at 5, and attended a special school. At 7 years the following features were noted: short stature, mental retardation (LQ 64), cerebellar ataxia, dysarthria, bilateral ptosis ( Fig. 1) , progressive external ophthalmoplegia, decreased visual acuity, atrophic maculae, punctate cataracts, sensorineural deafness, generalised muscle weakness, diminished tendon reflexes, and hyperventilation.
Investigations showed partial growth hormone deficiency, metabolic acidosis, raised serum pyruvate and lactate, and restrictive lung disease. Chromosome karyotype was normal. A muscle biopsy (quadriceps) showed atrophic muscle fibres with some ragged red fibres, and a diagnosis of KearnsSayre syndrome was made.
At 12 years a cardiac pacemaker was inserted for Stokes-Adams attacks associated with heart block. Tetany, due to primary hypoparathyroidism, was controlled with hydroxycholecalciferal. Table 1 . *Indicates thatphotoreceptors werefound in thatblock. The boy suffered intractable cardiac failure at age 14 and died after three days at 1400 hours.
Materials and methods
The left and right eyes were obtained at necropsy. Phosphate buffered glutaraldehyde (2%) was injected into the vitreous immediately post mortem. The enucleated eyes were fixed in formal saline. Left eye. After gross examination the left eye was processed conventionally for paraffin histology. Serial sections were cut in the horizontal plane through the pupil, the macula, and the optic nerve head. Right eye. Twenty four tissue blocks were taken from the locations shown in Fig. 2 . In addition a small central area of retinal tissue was taken for examination by scanning electron microscopy. After dissection the tissue blocks were additionally fixed in 2% glutaraldehyde buffered with 0*1 M sodium cacodylate (pH 7.2). After secondary fixation in 1% osmium tetroxide in 0 1 M sodium cacodylate buffer the tissue was dehydrated through a graded series of acetone solutions and embedded in Transmit resin prior to examination in a Phillips 301 electron microscope. The tissue for scanning electron microscopy was taken from the perimacular area (see Fig. 2) and was prepared by the critical point drying method for examination in a Jeol SEM (2B).
Semithin sections were cut from all the designated blocks. Blocks that showed interesting or unusual features were recut for electron microscopy.
Results
The left and right eyes showed similar macroscopic appearances. In addition the histology in the paraffin sections of the left eye was found to correlate well with the findings obtained in the right eye by light and electron microscopy. Left eye (macroscopic). The anterior part of the eye was of normal appearance. At the retinal periphery there was some fine pigmentary speckling, while towards the posterior pole there was gross pallor and loss of pigmentation. The optic disc was white. The retinal vessels, the choroid, and the sclera were unremarkable (Fig. 3) .
Left eye (microscopic). The most significant abnormalities were observed in the outer retina. Photoreceptor cells were absent except at the posterior pole. There was, however, a peripapillary region of cell loss (Fig. 4a) . In areas of photoreceptor survival retinal pigment epithelial (RPE) cells were also present. These regions of surviving pigment epithelial photoreceptor complex appeared to form discrete islands of cells that were more common toward the posterior pole (Fig. 4a, b (Fig. 4b) . Posteriorly the surviving RPE appeared to be attenuated and depleted of melanin (Fig. 4c, d, e) . Where the RPE monolayer was absent, gliotic outer retina appeared to fuse directly with Bruch's membrane (Fig. 4f) . In the peripheral retina there was complete atrophy of the outer retina with occasional migration of isolated pigment containing cells into the residual atrophic retinal tissue (Fig. 4g ).
Fluorescence microscopy failed on unstained sections to detect any lipofuscin granules in the pigment epithelium or the exogenous cells in the retina.
The optic disc and the optic nerve contained numerous axons, but in absolute numbers the impression was that there were fewer than in normal tissue of this age group. Axons were absent from the peripheral bundles of the optic nerve, though myelination appeared to be normal in the central part of the optic nerve. Right eye (light microscopy, transmission, and scanning electron microscopy). A summary of the light microscopic findings is given in Table 1 .
At the ora serrata there was marked hyperplasia of the RPE (Fig. 5a, b) . Occasionally an epiretinal membrane was present (Fig. Sb). Beneath these areas of RPE hyperplasia fibrovascular proliferation was found (Fig. 5a ). Blood vessels were also found beneath the pigmented epithelium but above Bruch's membrane in the region of the-pars plana ( Fig. Sc) .
At the far retinal periphery the outer nuclear layer was absent, though a few isolated pigment epithelial cells were in contact with expanded Muller cell cytoplasm ( Fig. Sd) . In the paramacular area the isolated regions of photoreceptors and RPE preservation were more profitably studied in semithin sections and were found to vary in size and morphological characteristics. In some segments there were recognisable monolayers of RPE with numerous photoreceptors ( In the macular region the outer retina was of more normal appearance, though there appeared to be a marked reduction in the thickness of the outer nuclear layer and attenuation of the RPE cell layer (Fig. 6a ). As in other regions of surviving photoreceptors cells of macrophagic character were often seen within the subretinal space (Fig. 6b ). Electron microscopy of the regions of surviving photoreceptor/RPE cell complex confirmed the presence of macrophages within the subretinal space (Figs. 7 and 8a). These macrophagic cells contained both photoreceptor cell outer segment debris and spindle shaped melanin granules that appeared to be of pigment epithelial origin.
The surviving RPE was of abnormal appearance. mitochondria are confined to the basal part of the cytoplasm. These mitochondria were in some areas very well preserved and contained plate like cristae. Bizarre mitochondria, as described in muscle fibres in some forms of the Kearns-Sayre syndrome, were not observed within the RPE monolayer, though large and irregularly shaped mitochondria were prominent (Fig. 9a, b) .
Though it would have been desirable to quantify the apparent increase in the number of mitochondria per cell, this was not possible for two reasons. First, normal control material is not available. Secondly, the extreme variation in RPE cell size in the pathological material would have made a quantitative analysis extremely difficult and time consuming. Normal adult RPE cells have an approximate width of 20 ,tm and are 10 ,um high. The RPE cells in our material were 7-10 p.m high but were highly irregular in shape: Some of them were spindle shaped and measured more than 60 ,um in their greatest dimension. This difference in cell shape effectively precluded meaningful quantitation of the numbers of mitochondria per cell.
In some areas there was an accumulation of photoreceptor debris on the apical surface of the RPE cells (Fig. 8b) . It was not possible to be sure in this material if the membrane bound debris represented either dislocated tips or fragments of outer segments. The important finding was that, although the rod outer segment debris was often in intimate contact with the RPE, there was no evidence of phagocytosis (Figs. 8b, 9a, b) .
In all the surviving RPE cells the apical junctional complex was present (Fig. 9a, b) , though some cells showed a marked elongation and convolution of the lateral cell membrane (Fig. 9b ). An absence of proteinaceous material between the surviving photoreceptor outer segments suggested that in areas of surviving RPE the outer retina blood barrier was intact. Sophisticated study of tight junctions (for example, by freeze fracture) was not possible in this material. Scanning electron microscopy of the inner surface of the RPE surface suggested that the RPE cells were highly irregular in shape (Fig. 10a) . This irregularity of shape probably accounted for the elongation of the lateral cell membrane seen by transmission electron microscopy. By scanning electron microscopy it was frequently difficult to determine if the subretinal cells were irregular shaped intrinsic cells of the RPE monolayer or macrophagic cells in intimate contact with the surface of the underlying monolayer. Transmission electron microscopy of similar areas to those shown in Fig. lOa suggested that some of the surface cells were extrinsic to the monolayer (Fig. 10b) .
Frequently cells of unknown origin were seen between the lateral cell membranes of the RPE cells (Figs. 10b, lla, b) . These cells had an appearance compatible with that of differentiating mononuclear leucocytes and were considered to be precursors of the subretinal macrophages that contained melanophagosomes and outer segment debris (Figs. 7, 8a , lOb).
Discussion
There is some controversy as to the definition of Kearns-Sayre syndrome. Drachman9 coined the term 'ophthalmoplegia plus' to encompass the variety of neural, cardiac, and retinal disorders that may occur in conjunction with ophthalmoplegia. However, there is a consistent trend in those cases that begin in the first or second decades of life, and this is characterised by ophthalmoplegia, atypical pigmentary degenerations of the retina, and heart block. This is the clinical combination originally described by Kearns and Sayre.' Some authors, however, have noted other associated features such as spongy degeneration of the brain,4 raised cerebrospinal fluid protein levels,"' and hypoparathyroidism.6 Hypoparathyroidism was present in the patient described here. In agreement with Berenberg et al.,"' Bastiaensen et al.," and Franqois'2 we feel that the term Kearns- Sayre syndrome should be restricted to the disease of infantile onset-a multisystemic neuromuscular disease with chronic progressive external ophthalmoplegia, obligate cardiac and retinal signs, and a high protein content of the cerebrospinal fluid. It should be added that Bastiaensen et al." have also described a juvenile form and an adult form characterised by onset in the third decade of life or later. These juvenile and adult forms are probably best classified as Kearns disease.'2 The course of all the subgroups is variable, but the severity appears to be related to the age of onset. The infantile form, the Kearns-Sayre syndrome, has the worst prognosis.
The retinopathy of Kearns-Sayre syndrome or Kearns disease is usually termed atypical to distinguish it from the more characteristic pigmentary retinopathy of the retinitis pigmentosa group of diseases. The retinal degeneration in Kearns-Sayre syndrome often occurs centrally and without a conspicuous pigmentation of the peripheral retina.'3 The fundus is more typically described as having a 'salt and pepper' or 'motheaten Appearance. '3 To the best of our knowledge there are eight reports in the literature in which the retina of Kearns- Sayre syndrome has been examined histologically, five by conventional wax histology '-6 (Kearns reporting the same case twice' 2) and two by electron microscopy.7" The reports that mention or illustrate the retinal histology differ considerably. Those of Kearns and Sayre' and Kearns2 describe a local absence of rods and cones with an almost complete absence of the pigment epithelium. The outer Fig. 11(a),(b These types of defect would all produce 'inefficient' mitochondria and again emphasise the possibilities of pathogenetic variation in the spectrum of the syndrome. Transmission electron microscopy studies of other tissues in patients with ophthalmoplegia plus and Kearns-Sayre syndrome have shown abnormal mitochondria in the cerebellum,"'' myocardium,2" sweat glands,2' and liver. 22 The pathogenesis of Kearns-Sayre syndrome in the outer retina is difficult to establish from a single case. However, the gradation of damage, severest in the periphery and moderate at the posterior pole, probably illustrates the development of the degeneration. It 24 However, the primary cause of the retinal degeneration in Kearns-Sayre syndrome remains obscure, though some speculation is possible. The role of defective RPE transport systems in the development of retinal degeneration has been stressed by Bird and Marshall. 25 We can now assume that the RPE is normally a very metabolically active cell monolayer.
The numerous mitochondria adjacent to the basal infoldings and the numerous apical microvilli indicate that the RPE has a variety of transport systems, many of which must be energy dependent.
Therefore any reduction in the cell's energy producing capacity will compromise the transport systems and phagocytosis, which is known to be an energy dependent phenomenon.26 Therefore it is also likely to be reduced in an energy deficient RPE cell. We may then assume that the first stage in the receptor cell damage is due to an insufficient transport of metabolites via the RPE. The observed accumulation of photoreceptor debris in the subretinal space is interpreted as a consequence of impaired phagocytosis. It should be noted that many of the RPE cells observed in the course of this study were devoid of phagosomes, though receptor cell material was often in intimate contact with the apical surface. Thus the accumulation of photoreceptor debris in the subretinal space may have provided the antigen that induced a macrophagic response that went on to destroy the outer retina.
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